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(54) Title: AUTONOMOUS MOBILE CANISTER VACUUM CLEANER 




^ (57) Abstract: An antonomous canister vacaum cleaner (100) has a cleam'ng head nKxfnIe (120), a vacuum fan module (1 10) sepa> 
rated fiom die cleaning module, and a hose assembly (130) connecting the cleaning head module with the vacuum fan module. The 

^ vacuum hn module includes a controller (210, 212) that perfomis navigation and control functions (400) for both the vacuum fan 
module and the cleaning head module. Alternatively, the controller may be separated finom the vacuum fen module and the cleaning 
head module, and can be mobile. The vacuum fan module and the cleaning head module each include a drive mechanism (202, 204, 
310. 314) for inopulsion. The cleaning head module includes a cleaning brush assembly (320) that can be motorized or air driven. 

^ The cleaning head module may also include a microcontroller that communicates with the controller. 
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AUTONOMOUS MOBILE CANISTBR VACUUM CLEANER 

Background of the Invention 

Field of the Invention 

5 The present invention generally relates to the field of vacuum cleaners. More particularly, 

the invention relates to an autonomous vacuum cleaner having a robotic cleaning head. 
Description of the Related Technology 

It is well known that robots and robot technology can automate routine household tasks 
eliminatiBg the need for humans to perform these repetitive and time consuming tasks. Currently, 
10 technology and innovation are both limiting factors in the capability of household cleaning robots. 
Computer processing pow^, battoy life, electronic s^sots such as cameras, and efElcient electric 
motors are all either just becoming available, cost effective or reliable enough to use in autonomous 
consumer robots. 

Several patents and ofiier published documents have addressed both remote control and 
15 robot vacuinn cleanears. One system uses a robot to move either a "dust bxister" like custom uprigjit 
vacuum. Most others integrate the vacuum and the robot into a single machine whether corded or 
battery powered. 

Much of tiie work on robotic vacuum technology has centered on navigation and obstacle 
detection and avoidance. The path of a robot determines its success at cleaning an entire floor and 

20 dictates whether or not it will get stuck. Some proposed S3^ems have two sets of orthogonal drive 
vdieels to enable tiie robot to move directly between any two points to increase its maneuverability. 
Other prototype robot vacuum cleaners have mounted the suction mechanics on a pivoting or 
transverse sliding arm so as to increase the reach of the robot Still other patents relate novd 
methods for detecting and avoiding obstacles. 

25 Himians are very good at uhderstanduig die contents of a room and vacuuming around them 

while thoroughly cleaning flie floor. Additionally, people can move objects to gain access to hard- 
to-clean areas. Currency there are two standard types of vacuums: iqmght and canister. Uprights 
tend to be more popular because tfaey are smaller, ea^er to manipulate and less cxpeaa^iyc to 
manufacture. Conversely^ the principle advantage of canister vacuums is that, vAal^ they are more 

30 cumbersome, the cleaning head is smaller. 

To date, no robot system exists that can move obstacles in order to clean and return the 
obstacles to their original position. Since all the proposed cleaning robots are relatively large and 
cumbersome, tiiey fiul to clean in tight areas or under or around furniture. In fact, no existing or 
proposed robot vacuum cleaner is able to clean nearly as well as a human. 

35 
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motors in the cleaning head module via a wireless transmitter and recdver assembly. The cleaning 
head module may include one or more acoustic dirt sensors, tiltrasonic distance sensors, moisture 
sensors, mold sensor or mechanical touch s^ors that provide data to the controller. The cleaning 
head module may include at least one weight configured to maintain the cleaning head module in a 
5 position that is in substantially parallel contact with a sur&ce to be cleaned. 

The fan module of the autonomous canister vacuum cleaner may include a power cord for 
coimection to a power outlet. The fan module may include one or more sensors providing data to 
tiie controU^, wherein the data is associated with tracking the position of the power cord. The fan 
module may include a rechargeable batteiy and/or a fuel cell. The navigation functions may 

10 include localization, where localization may include tracking the cleaning head module. The fan 
module includes an electric motor for driving a fan. 

In another aspect of the invention, there is an autonomous canister vacuum cleana:, 
comprising a cleaning head module; a fan modxile separated from the cleaning module, wh^ein the 
&n module includes a controller havmg navigation functions; a hose connecting the cleaning head 

IS module with the fan module; and a power cord for connecting the fan module to a power outlet, 
thmby providing power to the &n module. 

In another aspect of the invention, there is an autonomous canister vacuum cleaner systw 
comprising a cleaning head module, a fen module separated from the cleaning module and having 
an electric motor to drive a fan, a hose connecting the cleaning head module with the fan module 

20 and transferring dust from the cleaning head module to the fan module, and a controll^ module 
including a controller and providing navigation control signals to the fan module. 

Li yet another aspect of the invration, there is an autonomous canister vacuum cleaner 
method, comprising powering the fan module, coimecting a cleaning head module to a fan module 
via a hose, performing navigation functions at the feu module, and propelling each of the cleaning 

25 head module and the fen module to move across a surface to be cleaned and according to results of 
flie navigation functions. Performing the navigation functions may include localizing flie fan 
module, where localizing may further include tracking the cleaning head module. The method may 
additionally comprise receiving sensor input data at the fan module from at least one of camera, 
sonar, Udar or infrared sensor. Propelling the cleaning head module may include moving a cleaning 

30 brush assembly having at least one cleaning brush and may further comprise rotating the cleaning 
brush. The method may furOier comprise wirelessly providing control signals from the fan module 
to the cleaning head module. Altemativefy, flie method may fiirthar conqirise providing control 
signals from the fen module to the cleaning head module via a wire assembly extending axially 
along the hose, and may further conq)rise providing power from the fen module to the cleaning 

35 head module via tfie wire assembly. The method may furOior comprise rotating the cleaning brush 
by air flow. Alternatively, ttie cleaning brush may be stationary. 
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assembly 130, which will be fiirther described ia conjunctioii with Figure 3. The canister 1 10 includes 
a controller that can be embodied on one or more printed circuit boards. 

One embodiment of the ACVC 100 utflizes a power cord and bagless vacuum tedmology. 
Other embodiments can utilize rechargeable batteries, fuel cells, or oUaec self-contained sources of 

5 power wUch can diminate flie need for the power cord. Ofter removable containers for collecting the 
dirt, dust and debris, such as cloth, paper or ottier materials, are also conteaq[)lated. Each of the 
modules 110 and 120 moves using a drive or propulsion system, suchaswiQi leading or trailing wheels 
or skid plates and are driven by (Hie or motors and wheel control electronics. Figures 2 and 3 do not 
show items such as such as shrouds to keep debris fiom the motors and electronics or wiring harnesses. 

1 0 The canister module 110 includes an electric motor for driving a vacuum fin. 
Canistgr Overview 

Refraring to Figure 2, &e canister assembly or module 110 \^ch includes an embodiment of 
the controller portion of flie autoncHnous canister vacuum cleaner 100 will now be desoribed. Like a 
standard canister vacuum, the canister, or "fin module** 1 10, contains a vacuum (suction) fin 220, bag 

IS or debris collection area 230, filters 232 and 234, power cord assenibly 224 and/or battery 222, and 
requisite switehes and electronics (not shown), hi (me embodimoit, the canisto- 110 also houses the 
robotic components including a cranputer or microprocessor and other electronic assemblies 210 and 
212 that comprise a controller, saisors (which may be located on the electronic assraiblies 210 and 
212) and sensor lerises 214 and 216, drive motor and wheel assembly 202 and 204 or treads (not 

20 shown), and optional whcel(s) 206. The drive motors can include encoders to aid in telemetry. Digital 
cameras are a preferred primary sensor for tracking and localization, but sonar, lidar, and mfiared and 
touch sensors are some of the accqjtable alternatives and/or additional sensor supplements. 

In one embodiment, the autonomous vacuum 100 includes two robots (the canister 1 10 and 
cleaning head 120) and inchides two tethois connected to the canister (the hose 130 and a power cord 

25 in the power cord assembly 224). This embodiment utilizes household current to powa- the ACVC 
100. The power cord assembly 224 includes a cord winding mechanism or subassembly. A motor 
pulls the cord to unwind or extend flie cord, and a constant force spring rewinds or ret^ A 
motor driven, stiff, curved pusher is a mechanism utilized for plugging the powar cord into wall outlets. 
The power cord is let out and retrieved at a controlled rate equal to flie controller speed by 

30 the cord winding mechanism. The maximinn controller speed likely occurs when the canister robot 
is turning rather than when it is travellmg in a straight line. Encoder or ottiear feedback relates to the 
amount of the power cord being let put or rewound flirough the entire length of the cord. The 
mechanism includes limit switches feat are engaged both when, the cord is fully wound and fiilly 
unwound. 

35 In one embodiment, &e power cord is a minimum 20 meters (m) long cord. Any standard 

cord is acceptable, subject to the vacuum power requxrements and subject to heat, inductance. 
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containers for the debris. The drive wheels 202 and 204 (two per platform in one embodiment) are 

powered by the battery 222 to move the ACVC 100 between rooms when it is not phigged into an AC 

oudet and vacuuming. Each drive motor has optical encoders to measure distance traveled Optional 

dirt and moisture sensors may be included The canister 110 may have forward and/cxr rearward fiidng 

S lights. Depending on the sensor type (e.g., cameras), the lights may emit infirared or visible light 

Because some components require direct current (DQ power, the ACVC includes a power supply 

(not shown), which may optionally be incorpomted into any of the printed ch:cuit boards. 

Propulsion and Steering Mechanisms 

In one embodiment, two drive wheel and motor assemblies 202 and 204 located on either 

1 0 side of the ACVC operate independently to propel and steer the ACVC. When both are spinning in 
the same direction, the ACVC moves forward or back. If they are turning in opposite directions, 
flie ACVC rotates in place. If Aey are going in the same direction, but at different speeds, the 
ACVC turns along an arc. Using wheels in tiiis type of system generally require one or more 
casters or skid plates 206 to provide stabihty. Alternatively, treads can be used instead of the drive 

15 wheels and casters in a design similar to a tank. The electromcs pulse width modulates (PWM) the 
power to enable the drive mechanism to work at a variety of speeds. One embodiment utilizes 
encoders integrated into the drive wheel motors to aid in determining the ACVC actual motion and 
speed. 

The other common drive system is hfce a typical automotive or a remote control car. One 

20 motor spins two wheels (ei&er flie front or the rear). A second, motor or servo turns the wheels 
around the vertical axis. Due to fiiction against &e ground, flie vehicle follows the direction of the 
steering tires. This configuration has the advantage of only requiring one drive motor, but does not 
have as much maneuverability as the two drive wheel configuration. 

Another drive mechanism &at has been used on robots is a three drive wheel system using 

25 **Qnmi Wheels*' whore each wheel is located at 120 degrees relative to the other wheels and is 
driven by a motor. An omni-'Wheel, as for sample sold by Acroname, is a wheel fliat can turn 
around two peq)endicular axes simtdtaoieously. Transverse ^pinning mini-wheels are arranged 
around the perimeter of the main angle of motion. These side spiimmg wheels enable the mam 
wheel to spin in a durection other than the direction of motiim without dragging. Using proper 

30 control algorithms, die three wteds can be used to make the vehicle go in virtually any direction 
including directly sideways. 
riftaniTipr TTftn/f md Hose Overview 

Referring to Figure 3, the cleaning head or cleaning module 120 and hose assembly 130 of 
flie autonomous canister vacuum cleaner 100 wfll now be described. The cleaning head 120 has 

35 drive motors and wheels a tread systm or otiier mechanisms f(»r locomotion, hi one embodiment, 
the cleaning head 120 is propelled by a left drive wbscl and motor assembly 310 wiA wheel 312 
and a right drive wheel and motor assembly 314 with wheel 316. In one embodiment the 
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The canister 110 is connected to the cleaning head 120 via a co-extruded hose assembly 
130 that may include power and control/data wires in a wire harness 352. The wire harness 352 is 
either incorporated into a hose 350 or runs adjacent (inside or outside) to the hose 350. 
Alternatively^ standard powered canister vacuum hoses or stretch hoses may be used. One 
5 embodiment uses a hose &at enables fte cleaning head to move two meters fiom flie controller 
module. The hose connection to the cleaning head or controller may include pivots around one or 
more of the X» Y & Z axes if necessary. 

In one embodiment, the canister 110 communicates via the control/data wires with a 
microcontroller (not shown) at the cleaning head 120. In another embodiment, the wire harness 352 

10 connects tiie electrical components (e.g., motors and sensors) in ihe cleaning head 120 directly to 
control circuits in the canister 1 10 eliminating the need for control circuitry in Oe head 120. While 
eliminating Oe need for the microcontroller in the cleaning head 120, tins configuration may 
become awkward as the number of conductors increases. In yet anoAer embodiment, tibe control 
signals and sensor data are wirelessly transmitted between &e canister and cleaning modules using 

15 wireless techniques well known in the technology. In one embodiment, power for the cleaning 
head drive motors 310 and 314 (and the optional motor in &e brush assembly 320) is transmitted 
directly from the canister 1 10 to the motors in the cleaning head 120 regardless of whether the robot 
is corded, battery or fuel cell powered. Additionally, sensor information from encoders, dirt sensors 
or other sensors in the head is transmitted directly to the canister controller via the wire harness 

20 352. The ends ofthe wire harness 352 are shown in Figure 3. A preferred embodiment minimizes 
the number of wires between the controller 110 and the cleaning head 120. Five conductors are 
typically used in one configuration: two for power and three to transmit and receive the control and 
data signals. 

In an alternative embodiment, the controller 110 has direct control over each motor and 
25 collects data firom each sensor in the cleaning head utilizing a low cost network inter&ce connector 
and methodology such as XI 0. Alternatively, the controller module and the cleaning head module 
can communicate via wireless transmission using various types of well known technology, 
including ultrasonic components. 

In the embodiment where the cleaning head 120 includes a microcontroller, fte canister 
30 controller 110 sends basic commands to the cleaning head's microcontroller, vAdch the 
microcontroller interprets and then properly controls all onboard motors and sensors. For example, 
flie controller 1 10 may instruct the cleaning head 120 to move straight forward twelve inches. The 
microcontroller activates the drive mechanism (e.g., both drive wheels), monitors the encoders until 
each wheel has moved the prop^ distance, and then shuts off the motor. If an ultrasonic or touch 
35 sensor detects an obstacle, the microcontroller stops the cleaning head 120 and transmits the 
presence of flie obstacle to the controller 1 10. 
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tbe comtroQer 1 10, while reniainmg stationaiyy d^emunes flie next task for the cleaning head 120 to do 
so as to vacuum an area. Rroceeding to state 410, Qie controller 110 transmits the task infonnation 
determined at state 408 to flie cleaning head 120. As described above, the task infonnation may be sent 
to a microcontroller at the cleaning head 120, or directly to motors and/or other components in the 
S cleanmg head. Continuing at state 412, process 400 directs ^ cleaning head 120 to activate its 
appropriate motors and/or sensors to perform ttie task received from the controllo: 110. Advancing to 
state 414, ttie controller 110 tracks fiie cleaning head 120 using a tracking algoriflun, such as described 
in the previously referenced patent application. Process 400 continues at state 408 where the controller 
1 10 determines tiie next task for the cleaning head. 

10 When the canister controller 110 needs to move, it positions and stops the cleaning head 120 in 

a known location at state 416. The cleaning head 120 then serves as a known stationaiy landmark f<x 
the moving controller 1 10. This enables the canister controller 1 10 to perform reverse tracking at state 
418 which is also less computationally intensive than a fiill localization routine. Reverse tracking is 
described in the previously referaiced patent qTplication. 

IS Note that the particular states and/or tibe order of the states of process 400 may be modified, 

such as by combining states or grouping tasks together in a task sequence. In embodiments with a 
microcontroller at fbe cleaning head, higher level commands or task sequences may be sent fiom the 
controUer to the cleaning head microcontroller. Other variations of the process 400 are envisioned. 

While the above detailed description has shown, described, and pointed out novel features 

20 of the invention as applied to various embodiments, it will be understood that various omissions, 
substitutions, and changes in the form and details of the device or x>rocess illustrated may be made 
by those skilled in the art without departmg from the intent of the invention. Many variations to the 
basic design are possible in other embodiments. The scope of the invention is indicated by the 
appended claims rather than by the foregoing description. All changes that come within the 

25 meaning and range of equivalency of the claims are to be embraced within their scope. 
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15. The autonomous canister vacuum cleaner defined in Claim 11, wherein fhe 
controDer provides control signals to the motors in the cleaning head module via a wireless 
transmitter and recdver assembly. 

16. The autonomous canister vacuum cleaner defined in Claim 1, wherein the cleaning 
5 head module includes one or more acoustic dirt sensors, ultrasonic distance sensors, moisture 

sensors, mold sensor or mechanical touch sensors providmg data to fte controller. 

17. The autonomous canister vacuum cleaner defined in Claim 1, wfaorein the cleaning 
head modide includes at least one weight configured to maintain fhe cleaning head module in a 
position ibsA is in substantially parallel contact with a sur&ce to be cleaned. 

10 18. Hie autonomous canist^ vacuum cleaner defined in Claim 1, wherein &e fin 

module includes a power ccMrd for connection to a power outlet 

19. The autonomous canister vacuum cleaner defined in Claim 18, \idierdn fhe fin 

module includes one or more sensors providing data to the controller, wherein the data is associated 

with tracking die position of fhe powio'ConL 
15 20. Hie autonomous canister vacuum cleans defined in Claim 1, wherem fhe fan 

module includes a rechargeable battery. 

21. The autonomous canister vacuum cleaner defined in Claim 1, wherein the fin 
module includes a fuel cell. 

22. The autonomous canister vacuum cleaner defined in Claim 1, wherein the 
20 navigation functions include localization. 

23. Ilie autonomous canister vacuum cleaner defined in Claim 22, wherein localization 
includes tracking the cleaning head module. 

24. The autonomous canister vacuum cleaner defined in Claim 1, wherein the fin 
module includes an electric motor for driving a fan. 

25 25. An autonomous canister vacuum cleaner, comprising: 

a cleaning head module; 

a fen module separated from the cleaning module, wherein the fan module includes 
a controller having navigation functions; 

a hose connecting tiie cleaning head module with the fin module; and 
30 a power cord for connecting the fan module to a power outlet, thereby providing 

power to the fin module. 

26. Hie autonomous canister vacuum cleaner defined in Claim 25, wherein the fen 
module includes an electric moUxc far driving a fim. 

27. The autonomous canister vacuum cleaner defined in Claim 25, wh^ein the power 
35 cord is extended and retracted as the fan module moves. 

28. The autoncmious canister vacuum cleaner defined in Claim 25, wherein fiie 
cleaning head module includes one or more sensors providing data to the controller. 
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a hose connecting the cleaning head module with the fan module and transfening 

dust from the cleaning head module to the fin module; and 

a coatroller module including a controller and providing navigation control signals 

to the fin module. 

5 44. The system defined in Claim 43 » wherein the cleaning head module^ fin module, 

and hose together form a vacuum cleaner» and the controller module is at a location sqparate from 
the cleaning head module and the fan module. 

45. The system defined in Claim 43, wheiem the controller module provides navigation 
control signals to the cleaning head module. 
1 0 46. The sfystem defined in Qaim 44, wherein the controller module is mobile. 

47. The system defined in Claim 43, wherein the controller module is configured to 
perform localization and tracking fimctions for the fin module and &e cleaning head module. 

48. The system defined in Claim 43, wherein the c<mtrolIer module includes one or 
more sensors providing data to the controller. 

IS 49. Hie syst^ defined in Claim 48, wherein the one or more sensors include at least 

one of camera, sonar, lidar or infrared sensor. 

50. An autonomous canister vacuum cleaner method, comprising: 
powering the fen module; 

connecting a cleaning head module to a fen module via a hose; 
20 performing navigation functions at the fan module; and 

propelling each of Ae cleaning head module and the fan module to move across a 
surface to be cleaned and according to results of the navigation functions. 

51. The method defined in Claim 50, wherein performing the navigation functions 
includes localizing the fen module. 

25 52. Hie method defined in Claim 51, wherein localizing further includes tracking the 

cleaning head module. 

53. The method defined in Claim 50, additionally comprising receiving sensor input 
data at the fan module from at least one of camera, sonar, lidar or infrared s^isor. 

54. The method defined in Claim 50, wherein propelling the cleaning head module 
30 includes moving a cleaning brush assembly having at least one cleaning brush. 

55. The method defined in Qaim 54, further comprising rotating the cleaning brush. 

56. The method defined in Qaim 50, further comprising wirelessly providing control 
signals fit>m the fan module to file cleaning head module. 

57. The method defined in Qaim 50, fiirdier comprising providing control sigaals from 
35 the fim module to the cleaning head module via a wire assembly extending aTually along the hose. 

58. The method defined in Qaim 57, fisrther cominising providing power from flie fin 
module to the cleaning head module via the wire assembfy. 
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15 BowercotdaslhBfimmoduleinoves. 

66. mineftodde6nedinaaim65.tofl«rcon^g- 

tiackingthepowercotd position; and . .^t«vn« located 

in Ihe fan module. . module comprises 
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CANISTER CONTROLLER PERFORMS 
LOCALIZATION TO DETERMINE ITS POSITION 



CANISTER CONTROLLER UTILIZES SENSORS TO 
ACQUIRE CLEANING HEAD MODULE (ROBOT) 



CANISTER CONTROLLER. WHILE REM/UNING 
STATION/VRY, DETERMINES NEXT TASK FOR THE 
CLE/iiNING HEAD SO AS TO VACUUM AN AREA 



CANISTER CONTROLLER TRANSMITS TASK 
INFORMATION TO THE CLEANING HEAD 



CLEANING HEAD ACTIVATES APPROPRIATE 
MOTORS AND SENSORS TO PERFORM CLEANING 
T/SSK 



CANISTER CONTROLLER TRACKS CLEANING HEAD 
USING TRACKING ALGORITHM 



CANISTER CONTROLLER POSITIONS CLEANING 
HEAD IN A KNOWN LOCATION 



CANISTER CONTROLLER MOVES UTIUZING 
REVERSE TRACKING ON CLEANING HEAD AND 
SENSOR INPUT 



FIG. 4 
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